The objective of the study was to estimate the association of pregnant women with varicose veins of lower extremities (VVLE) and the possible risk for adverse birth outcomes and among them different congenital abnormalities (CAs) in their children. Prospectively and medically recorded VVLE were evaluated in 332 pregnant women who delivered infants with CA (case group) and 566 pregnant women with VVLE who delivered infants without CA (control group) and matched to cases were compared in the population-based data set of the Hungarian Case-Control Surveillance System of Congenital Abnormalities, 1980-1996. About one-quarter of pregnant women had chronic VVLE while new onset VVLE occurred in the rest of pregnant women. There was no higher risk for adverse birth outcomes of pregnant women with VVLE, in fact the rate of preterm birth and low birth weight was somewhat lower than in the newborns of pregnant women without VVLE. The comparison of VVLE occurrence in pregnant women who had offspring with 21 different CA groups and in pregnant women who later delivered babies without CA showed a higher risk only for pectus excavatum, a mild CA. In conclusion, VVLE in pregnant women does not associate with obvious hazard for their fetuses.
INTRODUCTION
Primary varicosities, i.e. dilated veins with valve insufficiency tend to be familial and frequently occur without other causative events (1) . Varicose veins may occur at several sites of the body, e.g. in the scrotum, vulva, oesophagus, but most frequently in the lower extremities. The definition of varicose veins of lower extremities (VVLE) is abnormal dilatation and formation vena saphena magna, and rarely vena saphena parva in the lower limbs with the symptoms of burning, bursting, bruised or aching of patients (1) .
VVLE is about twice as frequent in females as in males. In addition pregnancy induces dilatation and proliferation of blood vessels, therefore venous congestion and increased vascular permeability during pregnancy commonly cause edema of the skin and subcutaneous tissue, particularly vulva and lower legs (2) . VVLE often first appears during pregnancy.
VVLE were recorded frequently in Hungarian pregnant women, nevertheless, we were not able to find the results of controlled epidemiological studies regarding the effect of VVLE in pregnant women for birth outcomes (3) . Thus the objective of our study was to evaluate the possible association between maternal VVLE recorded in the population-based data set of the Hungarian CaseControl Surveillance of Congenital Abnormalities (HCCSCA) (4) and adverse birth outcomes, particularly the risk of structural birth defects, i.e. congenital abnormalities (CAs) in their children.
MATERIALS AND METHODS
Cases affected with CA were selected from the data set of the Hungarian Congenital Abnormality Registry (HCAR), 1980-1996 (5) for the HCCSCA. Notification of cases with CA is mandatory for physicians from the birth until the end of first postnatal year to the HCAR. Most cases are reported by obstetricians and paediatricians. In Hungary practically all deliveries take place in inpatient obstetric clinics and the birth attendants are obstetricians. Paediatricians are working in the neonatal units of inpatient obstetric clinics, or in various inpatient and outpatient paediatric clinics. Autopsy was mandatory for all infant deaths and common in stillborn fetuses during the study period. Pathologists sent a copy of the autopsy report to the HCAR if defects were identified in stillbirths and infant deaths. Since 1984 fetal defects diagnosed in prenatal diagnostic centres with or without termination of pregnancy have also been included into the HCAR.
CAs were split up into three groups: lethal (if defects cause stillbirths or infant deaths or pregnancies were terminated due to fetal defect in more than 50% of cases), severe (without medical intervention CAs cause handicap or death) and mild (CAs require medical intervention but life expectancy is good). Lethal and severe CAs together constitute major CAs. (Minor anomalies or morphological variants without serious medical or cosmetic consequences are excluded from the class of CA.) In addition two main categories of cases with CAs were differentiated: isolated (only one organ is affected) and multiple (concurrence of two or more CAs in the same person affecting at least two different organ systems).
The total (birth + fetal) prevalence of cases with CA diagnosed from the second trimester of pregnancy through the age of one year was 35 per 1,000 informative offspring (live-born infants, stillborn fetuses and electively terminated malformed fetuses) in the HCAR, 1980-1996 (5), though the expected rate was 65.3 per 1,000 (6) . However, about 90% of major CAs were believed to be recorded in the HCAR during the 17 years of the study period (5).
There were three exclusion criteria of cases with CAs from the HCAR for the data set of the HCCSCA. (i) Cases reported after three months of birth or pregnancy termination (the longer time between birth or pregnancy termination and data collection decreases the accuracy of information about pregnancy history and 77% of cases were reported during the first three-month time window, the rest included mainly mild CAs). (ii) Cases with three mild CAs (congenital dysplasia of hip and inguinal hernia, large haemangioma), and (iii) CA-syndromes caused by major mutant genes or chromosomal aberrations with preconceptional origin.
Controls were defined as newborn infants without CA and they were selected from the National Birth Registry of the Central Statistical Office for the HCCSCA. In general two controls were matched to every case according to sex, birth week, and district of parents' residence.
Three sources of exposure and confounding data were evaluated:
Prospective Medically Recorded Data
Mothers were asked in an explanatory letter to send us the prenatal maternity logbook and other medical records particularly discharge summaries concerning their diseases during the study pregnancy and their child's CA. Prenatal care is mandatory for pregnant women in Hungary (if pregnant women did not visit prenatal care clinic, she did not receive a maternity grant and leave), thus nearly 100% of pregnant women visited prenatal care clinics, on average 7 times in their pregnancies. The first visit was between the 6th and 12th gestational week. The task of obstetricians is to record all pregnancy complications, maternal diseases and related drug prescriptions in the prenatal maternity logbook.
Retrospective Self-Reported Maternal Information
A structured questionnaire with a list of medicinal products (drugs and pregnancy supplements) and diseases, plus a printed informed consent form were also mailed to the mothers immediately after the selection of cases and controls. The questionnaire requested information on pregnancy complications and maternal diseases, on medicinal products taken during pregnancy according to gestational months, and on family history of CAs. To standardize the answers, mothers were asked to read the enclosed lists of medicinal products and diseases as a memory aid before they filled out the questionnaire.
The mean + S.D. time elapsed between the birth or pregnancy termination and the return of the "information package" (logbook, questionnaire, discharge summary, and informed consent form) in our prepaid envelope was 3.5+1.2 and 5.2+2.9 months in the case and control groups, respectively.
Supplementary Data Collection
Regional nurses were asked to visit all non-respondent case mothers and to help mothers to fill out the same questionnaire used in the HCCSCA, to evaluate the available medical records, and to obtain data regarding smoking and drinking habit through a cross interview of mothers and their close relatives living together, and the so-called 'family consensus' was evaluated. Regional nurses visited only 200 non-respondent and 600 respondent control mothers as part of two validation studies (7, 8) , because the committee on ethics considered this follow-up to be disturbing to the parents of all healthy children. Regional nurses used the same method at the visit of control mothers and case mothers.
Overall, the necessary information was available on 96.3% of cases (84.4% from reply to the mailing, 11.9% from the nurse visit) and 83.0% of the controls (80.9% from reply, 2.1% from visit). Informed consent form was signed by 98% of mothers, names and addresses were deleted in the rest 2%.
Here the 17 years' data of the HCCSCA between 1980 and 1996 are evaluated because the data collection has been changed since 1997 (all mothers are visited by regional nurses), and the recent data had not been validated at the time of analysis.
The Hungarian medical doctors use the international diagnostic criteria of VVLE. The CEAP (clinical manifestation, etiologic factors, anatomic involvement and pathophysiological feature) classification scheme for lower-extremity venous diseases differentiates six groups (9, 10): C1: teleangiectasia or reticular veins, C2: varicose veins, C3: edema without skin changes, C4a: skin pigmentation or eczema, C4b: lipodermatosclerosis or atrophie blanche, C5: healed ulceration, and C6: active ulceration.
The objective of our study was the evaluation of VVLE, which corresponded to C2. At the preliminary analysis of our data we excluded pregnant women who had varicose veins on other sites (e. g. oesophageal and vulvar varices), teleangiectasias, spider angioma, secondary varicosities due to extrinsic venous compression, prior deep vein thrombosis, congenital vascular lesions, etc. and VVLE associated with phlebitis and thrombophlebitis (11) .
In addition two groups of VVLE could be differentiated according to the source of information in the HCCSCA: (i) prospectively and medically recorded VVLE in the prenatal maternity logbook and (ii) VVLE based on only retrospective maternal information. However, the spectrum of VVLE is very wide, in addition the perception of VVLE depends on the sensitivity of pregnant women, therefore the validity of VVLE diagnosis was low in the latter group (7). Thus we decided to evaluate only prospectively and medically recorded VVLE in the prenatal maternity logbook, obviously this diagnosis covered the most severe VVLE, rarely healed ulceration. However, VVLE with inflammation, or active ulceration was not recorded in the prenatal maternity logbook of pregnant women in the data set of the HCCSCA.
VVLE related drug treatments were also evaluated. Other potential confounding factors included maternal age, birth order, marital and employment status as indicators of socio-economic status because they showed a good correlation with the level of education and income (12) , maternal diseases, pregnancy supplements particularly folic acid and multivitamins were considered as indicators of the standard of preconceptional and prenatal care, in addition as a primary preventive method of some CAs after their periconceptional use. Finally the possible association of VVLE with medically recorded pregnancy complications was also evaluated.
Gestational age was calculated from the first day of the last menstrual period. The critical period of most major CAs is in the second and/or third months, it explains that this time window as the critical period of CAs was used in the study (13, 14) . Beyond birth weight (g) and gestational age at delivery (wk), the rate of low birthweight newborns (<2500 g) and preterm births (<37 weeks) were analyzed on the basis of discharge summaries of inpatient obstetric clinics.
Statistical Analyses of Data
We used SAS version 8.02 (SAS Institute Ins., Cary, North Carolina, USA) for statistical analyses. Contingency tables were prepared for the main study variables. First, the characteristics of pregnant women with VVLE were compared with all pregnant women without VVLE. Χ2 test was used for categorical variables, while Student t-test for quantitative variables. Second, pregnancy complications and maternal diseases, drug treatments were evaluated by ordinary logistic regression models and odds ratios (OR) with their 95% confidence intervals (CI) were calculated. Third birth outcomes of control newborns without CA were compared in pregnant women with or without VVLE. Finally, we compared the prevalence of VVLE during the study pregnancy in specified CA groups with the prevalence of VVLE in their all matched control pairs. Adjusted OR with 95% CI were evaluated in conditional logistic regression models for the occurrence of VVLE. We examined confounding variables by comparing the OR for VVLE in the models with and without inclusion of the potential confounding variables. Finally, maternal age (<20 yr, 20-29 yr, and 30 yr or more), birth order (first delivery or one or more previous deliveries), maternal employment status and VVLE related drug treatments were included in the models as potential confounders.
RESULTS
The case group consisted of 22,843 malformed newborns or fetuses ("informative offspring"), and in 332 women (1.45%) was VVLE medically recorded in the prenatal maternity logbooks. The total number of births in Hungary was 2,146,574 during the study period between 1980 and 1996, and 38,151 controls thus Of 332 case mothers, 91 (27.4%) had the onset of VVLE before conception, this condition was considered as chronic. Of 566 control mothers, 127 (22.4%) were recorded with chronic VVLE. Most of these women (96.7% of cases and 96.1% of control mothers) had previous pregnancies. The new onset VVLE was recorded after the third month with a peak in the fifth and sixth gestational month.
The main variables of mothers with VVLE compared with pregnant women without VVLE as reference are shown in Table 1 . This comparison indicates a higher mean maternal age due to the larger proportion of women older than 30 years in older pregnant women with VVLE. The mean birth order was also much higher with the predominance with birth order 2 or more. Marital status did not show difference among the study groups. However, the proportion of managerial women was smaller while the proportion of unskilled workers (with mainly with standing working position) was larger in pregnant women with VVLE.
Among pregnancy supplements, here only folic acid and folic acid-containing multivitamins are mentioned. Folic acid supplementation during pregnancy was more frequent in pregnant women with VVLE. The frequency of multivitamin users was similar in both study groups.
In the study group, 2,640 pregnant women were visited at home and their smoking habit was evaluated on the basis of "family consensus". VVLE were recorded in 40 (1.5%) pregnant women, and 6 (15.0%) smoked. Of 2,600 pregnant women without VVLE, 567 (21.8%) smoked. Of 800 control mothers visited at home, 11 (1.4%) had recorded VVLE, and 2 smoked during the study pregnancy. The rest, i.e. of 789 pregnant women, 152 (19.0%) were smokers.
Among acute maternal diseases, only the incidence of influenza-common cold (in general with secondary complications) showed some difference among the study groups, it was less frequent in both case (14.8% vs. 21.8%) and control (15.9% vs. 18.5%) mothers with VVLE than in pregnant women without VVLE. The well-known important chronic diseases such as diabetes mellitus, epilepsy, etc, did not show difference in their prevalence among the study groups. However, the prevalence of constipation was 5.4% in case mothers and 3.9% in control mothers with VVLE compared to the 2.0% of pregnant women without VVLE. The prevalence of haemorrhoid was much higher in case mothers (15.4%) and control mothers (20.8%) with VVLE than in pregnant women without VVLE (3.7%).
At the evaluation of pregnancy complications only medically recorded conditions were considered ( Table 2 ). The incidence of preeclampsia-eclampsia was somewhat higher while the rate of between case and control mothers. Surgical intervention due to VVLE occurred only in two women during the study pregnancy. The birth outcomes of control newborns are shown in Table 4, the data of cases are omitted because CAs have a more drastic effect for these variables than maternal VVLE. There was no difference in the sex ratio between the study groups. The mean gestational age at delivery did not show any difference between newborn infants born to mothers with or without VVLE. However, the newborn infants born to pregnant women with VVLE were as average, 74 g heavier. In addition the rate of both preterm births and of low birthweight newborns was lower in the group of pregnant women with VVLE compared to the children of mothers without VVLE. However, mean birth weight, the rate of preterm birth and low birthweight were not statistically different in the newborns of pregnant women with VVLE compared to newborns of pregnant women without VVLE on the basis of adjusted OR.
The major objective of the study was the evaluation of the possible association of pregnant women with VVLE and the risk of different CAs in their recorded offspring. At the estimation of possible risk for CAs, first the occurrence of VVLE any time during pregnancy was compared between cases with 21 different CA-groups including at least 2 cases and their all matched controls ( Table 5 ). The total rate of cases with CA and any specified CA-group did not show any risk.
In the next step the prevalence of VVLE only in the critical period of major CA, i.e. in the second and/or third gestational month and during the first trimester was evaluated (because if pregnant women had chronic VVLE, i.e. before conception of the study pregnancy, it continued at the end of pregnancy). The total rate of cases with CA and any specified CA-group did not show any risk.
Finally CAs and subgroups of CAs within CA-groups were analyzed separately. The group of CA of musculo-skeletal system included 10 cases born to mothers with VVLE and among them 6 cases were affected with pectus excavatum. The total group of CAs of musculo-skeletal system comprised 585 cases, within this group 82 had pectus excavatum. Thus the percentage figure of pectus excavatum was 0.36% among 22,843 cases with CAs. Of 332 cases with CA born to mother with VVLE, 6 (1.81%) were affected with pectus excavatum, i.e. there is 5 fold higher risk for this CA in the children of mothers with VVLE (χ (Table 6 ).
DISCUSSION
The possible association between maternal VVLE and pregnancy complications and birth outcomes was evaluated in the study. Three findings are worth reporting. (i) Mothers with VVLE were older with higher parity and were more frequently unskilled workers than women without VVLE. This is in agreement with the findings in previous studies (15, 16) . (ii) There was a higher risk for anaemia, constipation and haemorrhoids in pregnant women with VVLE compared with women without VVLE. (iii) The risk of pectus excavatum was 5-fold higher in the children of pregnant women with VVLE compared with the children of women without VVLE.
The prevalence of VVLE was 1.2-2.0% of Hungarian pregnant women and this figure is much lower than about 40% of VVLE rate reported in previous studies (15) (16) (17) . However, the prevalence of VVLE in pregnant women depends on the age and parity of females, in addition to the diagnostic criteria of VVLE. In our study only severe and in general pregnant women treated with VVLE were recorded in the prenatal maternity logbook, thus obviously this group of mothers with VVLE may not reflect all women with VVLE.
Only a quarter of VVLE occurred before the study pregnancy, most in multiparae, while in general new onset VVLE manifested in the second trimester of pregnancy. However, it is difficult to differentiate the real onset of VVLE and the onset of complaints in these pregnant women. The higher risk of VVLE in pregnant women may be connected with the hormonal changes for arterio-venosus shunt, the mechanical effect of growing uterus for abdominal veins, maternal weight gain with some fluid retention (15) . Thus pregnancy is an important causal factor in the manifestation of VVLE, and it partly explains that VVLE at least is twice as frequent in females as in males (1) .
Our pregnant women with VVLE had a higher occurrence of anaemia partly related to haemorrhoids and constipation which were 4.2-5.6 times higher in case and control pregnant women with VVLE than in pregnant women without VVLE and the bleeding in pregnant women with haemorrhoids was frequently recorded. The diagnosis of anemia was based on the number of erythrocytes, hemoglobin and haematocrit because these laboratory tests were performed in the prenatal care clinics. In Hungary most anaemias during pregnancy are caused by iron deficiency, and 73% of pregnant women with VVLE were treated with iron products.
There was no higher risk for adverse birth outcomes in pregnant women with VVLE compared with women without VVLE. In fact the rate of preterm births and low birthweight was somewhat lower in the newborns of pregnant women with VVLE and it may be connected with better prenatal care and the higher use of folic acid.
Among CAs, only pectus excavatum associated with a higher risk in children of pregnant women with VVLE compared with the children of women without VVLE. Previous epidemiological studies were frequently based on the evaluation of total CAs which is a very insensitive variable including about 200 CAs with heterogeneous origins. Recently CA-groups with similar anatomic manifestation and with more-or-less similar etiology have been evaluated, e.g. in 25 CA-groups in the HCCSCA. However, as this study shows the grouping of similar manifestation of musculo-skeletal CAs is also too heterogeneous and may cover up sub-entities with significant association with etiological factors. Thus special computer programs are needed in human teratology which can reveal significant associations in specific entities as well within the evaluated CA-groups (18) .
Pectus excavatum (funnel chest) is a depression deformity of the thorax in which the sternum, usually the lower part, is depressed towards the spine. This condition may be evident at birth, but in the majority of cases it first becomes noticeable when the infant has several months of age (19) . The severity spectrum of pectus excavatum is wide starting from the mild manifestation which presents only cosmetic problem, to the severe deformation with impaired ventilator capacity of lungs and displacement of the heart, which in general requires surgical intervention. Our cases were selected from HCAR to the HCCSCA within the first three postnatal months, thus most cases might had severe manifestation of pectus excavatum.
A certain part of pectus excavatum has autosomal dominant inheritance, but most cases are sporadic. Hauge and Gundersen (20) presented a family study of 249 probands with VVLE, and they concluded that multifactorial inheritance seems very probable. Later Matousek and Prerovsky (21) estimated the heritability of varicose veins as about 50% within multifactorial origin. The question is whether the possible association of maternal VVLE with the higher risk for pectus excavatum is causal or can be explained by related drug treatments, unevaluated confounders or by chance.
The biological plausibility that maternal VVLE can cause pectus excavatum in the offspring is minimal. However, both VVLE and pectus excavatum are connected with the tissue of mesodermal origin thus may have common genetic origin. According to the aphorism of Osler: "Varicose veins are the results of an improper selection of grandparents" (22) . Thus, it is possible that the association of VVLE and pectus excavatum is connected with the improper selection of parents.
The recommended first line therapy of VVLE includes dietary changes, losing weight, smoking cessation and the education for the proper position of lower limb in general, but particularly during relaxation. The second line of therapy comprises of compressive bandage and some drugs. Drugs used for the treatment of VVLE do not seem to be teratogenic though the teratogenic effect of hydroxyaethylrutoside was shown in the origin of ocular coloboma (23) . As far as we know the teratogenic potential of tribenisode has not been studied (3) . The teratogenic effect of phenylbutazone was not found in animal investigations (24, 25) , but Kullander and Kallen (26) reported that 18 women taking phenylbutazone in the first trimester had one miscarriage, 6 minor and one major CA. The third line of therapy is sclerotherapy and surgical intervention (ablation of the veins) but it was not recommended in Hungarian pregnant women. The point is that the association of VVLE related drugs treatment with a higher risk of pectus excavatum is unlikely.
Another possible explanation for this association is unevaluated/unknown confounders beyond the evaluated confounders. Finally multiple comparisons may produce non-causal association because significant difference is expected in every 20th estimation due to chance. This possible association was based only on 6 cases and we evaluated 21 CA-groups thus after the Bonferroni adjustment (27) the significant p-value was reduced to 0.002. Thus, this association has remained significant, nevertheless needs confirmation or rejection in other studies.
The strengths of the HCCSCA are that is a population-based large data set including 898 pregnant women with prospectively and medically recorded severe VVLE in an ethnically homogeneous Hungarian (Caucasian) population. Additional strengths are matching of cases to controls without CA; available data for potential confounders, medically recorded gestational age at delivery, birth weight and pregnancy complications, and finally that the diagnosis of medically reported CAs was checked in the HCAR (5) and later modified, if necessary, on the basis of recent medical examination within the HCCSCA (4).
However, this data set also has limitations. (i) We did not know any details regarding the onset of chronic VVLE before pregnancy.
(ii) Other pregnancy outcomes, e.g. miscarriages were not known. (iii) The lifestyle of pregnant women was also not known in the total data set due to the unreliability of maternal self-reported data regarding smoking and drinking during the studied pregnancy (28) , thus these data were obtained in a subsample based on cross interview of mothers and fathers at the home visit. However, smoking and drinking habit had no role in the origin of pectus excavatum, and our data showed a lower rate of smokers among pregnant women with VVLE.
In conclusion, a higher risk for pectus excavatum was found in the children of pregnant women with VVLE though other adverse birth outcomes have not been revealed, thus VVLE in pregnant women does not associate with other obvious hazard for their fetuses.
